Orotic acid has been found to function as a growth factor for Neurospora mutants (Loring and Pierce, 1944) and has been implicated in the pyrimidine biosynthesis of LactobaciUu8 butlgaricus (Wright et al., 1951) and liver . These findings have focused considerable attention on the metabolism of this uracil derivative. An orotic acid fermenting organism was isolated in this laboratory from bay mud by Dr. Arthur Kornberg by the use of standard enrichment culture techniques (Lieberman and Kornberg, 1953) . The latter investigators (Lieberman and Kornberg, 1954 ) demonstrated the conversion of ureidosuccinic acid to orotic acid and therefore the reversibility of the firt two reactions involved in orotic acid degradation.
The work reported in this paper was designed to characterize this organism for purposes of classification. It has resulted in the proposal of a new genus, Zymobacterium, to accommodate rod shaped, anaerobic members of the family Lactobacteriaceae that form ethanol and carbon dioxide as the major end products of glucose fermentation.
METHODS
The orotic acid fermenting organism was at all times grown in the presence of a pyrogallolsodium carbonate seal at 30 to 37 C. An KovAcs reagent was used to test for indole production, sulfanilic acid, and a-naphthylamine for nitrite formation, and Lugol's iodine solution for starch hydrolysis (Conn, 1949 Barker (1951) and detected by the use of the brom thymol blue spray of Brown (1950) . The Pirie (1946) method was used for quantitative formic acid analysis. When both acetate and formate were present in the volatile acid fraction, acetate was estimated by difference. Ethanol was determined by microdiffusion (Widmark, 1922) . Glycerol and 2, 3-butylene glycol were estimated by the procedure of Voris et al. (1940) after removal of ionic substances by means of Dowex anion and cation exchange resins. Ethanol was identified by oxidation of the neutral volatile fraction with acid dichromate and characterization of the resulting acetic acid by the Duclaux method. No carbonyl compounds were present in the neutral volatile fraction derived from a glucose culture.
RESULTS
Morphology. The orotic acid fermenting organism forms long bead-like chains of gram positive rods when grown on an orotic acid-basal medium or on tryptone-glucose-yeast extract broth (figure 1). Young cultures are characterized by short rods (1.2 to 2.0 u in length by 0.35 to 0.60,u in diameter) with tapering ends, whereas the cells of older cultures appear coccoid. The organism is nonmotile and grows in the form of a rather granular sediment in liquid media. Spore formation has never been observed. When grown on tryptone-glucose-yeast extract agar under strictly anaerobic conditions, small, round, convex colonies are formed.
Cultural characteristics. This bacterium fails to grow on the surface of a tryptone-glucose-yeast extract agar slant in the presence of air and appears quite exacting in its demand for anaerobiosis. Excellent growth was obtained in the presence of a sulfhydryl reducing agent when protected from oxygen by a pyrogallol-carbonate seal. Cells from a 72 hour culture on tryptoneglucose-yeast extract agar failed to produce visible bubbles of oxygen when mixed with 3 per cent hydrogen peroxide; the organism is therefore catalase negative. Products of glucose fermentation 250 ml of a medium containing 1.25 g yeast extract (Difco), 0.5 g proteose peptone, 1.25 g glucose, 12.5 millimoles potassium phosphate, pH 7.4, 25 mg Na2S-9H20, 75 mg NaHCO3, and salts, were inoculated with 2.5 ml of a 48 hour culture. A flask of this medium without glucose was inoculated simultaneously. Oxsorbent seals were used to remove oxygen. After 5 days' incubation at 37 C, the cultures were analyzed. Final pH: glucose culture 6.4; no glucose culture 7.3; uninoculated control with glucose 7.1. The carbon recovery is calculated on the assumption that the products arising from noncarbohydrate sources also are formed in the presence of glucose. et al., 1951) . Since the orotic acid fermenting organism cannot be placed properly in any of the genera of the Lactobacteriaceae as described by Breed et al. (1948) , we are faced with the choice of leaving the organism unnamed or of creating a new genus to accommodate it. We have decided on the latter alternative.
The name Zymobacterium is chosen for the new genus because it implies an ability to carry out an alcoholic fermentation and also harmonizes with the nomenclature of associated genera. The genus is defined as follows: Rods. Nonsporeforming. Gram positive. Anaerobic or microaerophilic. Ferment carbohydrates. The main products of glucose fermentation are ethanol and carbon dioxide. Catalase negative.
The type species is Zymobacterium oroticum, nov. sp., having the following characteristics: Rods, 0.35 to 0.60 by 1.2 to 2.0 A, with tapering ends, usually in long intertwined chains. Nonmotile. Anaerobic. Glucose, fructose, galactose, sucrose, lactose, maltose, arabinose, mannitol, and orotic acid are fermented in a complex medium. Glutamate, lactate, and glycerol are not attacked. In addition to ethanol and carbon dioxide, small amounts of acetate, and possibly lactate and formate, are formed from glucose.
SUMMARY
An orotic acid fermenting anaerobic bacterium has been characterized and placed in the new genus Zymobacterium as the species Z. oroticum, nov. sp. The new genus, which is placed tentatively in the family Lactobacteriaceae, is defined so as to include gram positive, anaerobic, nonsporeforming rods that form predominantly ethanol and carbon dioxide from glucose.
